Bacteriophage T7 bearing amber mutations in both gene 1.3 (T7 DNA ligase) and gene 3 (T7 endonuclease I) are viable when grown in suppressor-negative, ligase-negative hosts. This is evidenced by a high plating efficiency and a large burst size compared to the single mutants. These findings may be explained by a limited destruction of cellular DNA by the double mutant.
The majority of the nucleotides needed for the synthesis of phage T7 DNA arise from the degradation of host DNA. Gene 3 of phage T7 codes for an endonuclease (T7 endonuclease I) (1, 8) that is involved in the breakdown of cellular DNA (8) . Mutations in T7 gene 3 are lethal presumably becuase degradation of host DNA does not occur. Mutations in gene 1.3 (T7 polynucleotide ligase) are nonlethal unless the phage is grown in a ligase-deficient host (6; F. W. Studier, J. Mol. Biol., in press). During attempts to construct a double mutant bearing amber mutations in gene 1.3 (polynucleotide ligase) and gene 3 for use in other studies, the frequency of the desired recombinant 1.3am 3am was much lower than expected using standard complementation spot tests. One possible explanation was that either mutation might be suppressing the other and that the double mutant 1.3am 3am was viable under nonpermissive conditions. In this paper I present evidence that, when intracellular levels of ligase are reduced by mutation, there is a limited breakdown of host DNA even in the absence of T7 endonuclease I. This may be the mechanism of the suppression.
The phage and host strains were obtained from F. W. Studier. The amber mutants in T7 gene 1.3 (DNA ligase) were amHA13(6), amS3, and amS6 (F. W. Studier, J. Mol. Biol., in press). The amber mutants in genes 3, 4, 5, and 6 were am29, am2O, am28, and am147 (11) . T7 ligase mutants are viable on suppressor-negative (sup-), ligase-positive (lig+) hosts (e.g., Escherichia coli B) but do not grow on sup-, lig-hosts such as E. coli N1252 grown at 42 C (3) or E. coli BL2 grown at 37 C (F. W. Studier, J. Mol. Biol., in press). The permissive host for all amber mutants was E. coli 011'. The double mutants 1.3am 3am were readily selected from progeny of standard crosses done in E. coli 011' when it was realized that they did not plate on a lig+, sup -host (E. coli B) but did plate on a ligsup-host (e.g., E. coli N1252). The putative double mutant 1.3am 3am was shown to contain both mutations by the fact that assays of DNA ligase activity (6) and T7 endonuclease I activity (8) showed no detectable induction of either enzyme.
The efficiency of plating of the double mutant 1.3am 3am was similar to that of wild-type T7 phage on sup-lig-hosts but was less than 10-3 on a sup-lig+ host (Table 1) . Thus the presence of a functional host ligase compensates for the absent phage ligase. The 1.3am mutants had low plating efficiencies when they were plated on a lig-host. The data of Table 1 were obtained using the ligase mutation amHA13. Identical results were obtained using ligase amber mutations in other sites, i.e., amS3 and amS6.
Measurement of burst sizes of the mutants on different hosts gave data consistent with the plating efficiencies ( Table 2 ). The double mutant 1.3am 3am had a higher burst size when grown in a lig -sup-host (E. coli BL2 or E. coli N1252) than in a lig+ sup-host (E. coli B). The 1.3am 3am phage grown in a lig-sup-host also had a higher burst size than 1.3am phage grown in a lig -sup-host or 3am phage grown in a sup host.
The ability of the 1.3am 3am mutant to grow in a lig-sup-host might be explained by two possible mechanisms. (i) The ligase is not needed to repair breaks in replicating T7 DNA which are normally introduced by T7 endonu-VOL. 13, 1974 10 phage per cell using the same procedure as used for standard phage crosses (11) . After adsorption and centrifugation to remove unadsorbed phage, the infected cells were resuspended in tryptone broth and diluted 10-5-fold. A sample was plated for infectious centers and the remainder was incubated at the appropriate temperature for 1 h. The phage titer was determined on the permissive host E. coli 011'. clease I. (ii) Some destruction of cellular DNA might occur in the absence of normal levels of ligase, thereby overcoming the block in viral replication caused by the mutation in gene 3. Evidence to support the second possibility is presented below but the first mechanism might also be operative.
Since nucleotides derived from host DNA are efficiently reincorporated into phage DNA, it is necessary to block phage DNA synthesis with a DNA-negative mutation in gene 4 (Fig. 2a, b, c) . On the other hand, the host DNA did not decrease appreciably in size at from 10 to 20 min after infection with T7 3am 4am phage (Fig. 2d, e, f) (10) with 3H-thymidine. The cells were infected with the appropriate mutant at a multiplicity of 20 phage per cell, and 0.5-ml samples were removed at various times after infection at 37 C. Acid-insoluble radioactivity was determined as described previously (10) . The weight of about 10" to 2 x 106 by 20 min after infection (10) . (Fig. 3) . Hence the degradation of host DNA to acid-soluble nucleotides does not require the function of this polymeraseassociated exonuclease. Gene 6 codes for a 5'-exonuclease which is involved in the degradation of cellular DNA to mononucleotides (5, 10 The identity of the enzyme causing these breaks is unknown although they could be due to a second endonuclease which has been detected VOL. 13, 1974 in T7-infected cells (2, 9) . Alternately, they could be due to leakiness of the gene 3 mutation or to a host enzyme. The suppression of an endonuclease mutation in T7 by a deficinecy in ligase activity offers an interesting contrast to a similar situation with phage T4. In that phage a mutation in the non-essential denA gene which controls T4 endonuclease II suppresses a normally lethal mutation in the gene for the T4 ligase (12) , presumably by reducing the number of nicks in the host DNA to which the host ligase might be bound. This phenomenon in T4 thus requires the presence of an active host ligase and is not observed in a ligase-defective host. Conversely, in the case described above for T7, a normally lethal endonuclease mutation is suppressed by a ligase mutation only if the host ligase is also defective. I have not excluded an alternate possiblity that the endonuclease mutation somehow suppresses the defect in phage DNA replication which occurs in the absence of ligase.
